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Little is known about the ultrastructure of synaptic boutons contacting
trige■linal inotoneurons。「ro address this issue,physiologicany identified premotor
neurons(■=5)in the rOstrodorsomedial part ofthe oral nucleus(VO。つWere labeled
by intracellular ittectiOns ofhorseradish pero対dasc(HRP)in catS・¶he ultrastructure
of 182 seriaHy sectioned axon te111linals ilom the five neurons was both qualitatively
and quantitatively analyzedo ln addition,the e“ects of the glycine antagonist
strychnine,GABAA antagonist bicuculline,NMDA antagonist 2‐amino‐5¨
phosphovalerate cAPv)and non‐NMDA antagonist 6-cyno-7-nitroquinoxaline-2,3-
dione(CNQX)on VOr_induced postsynaptic Potentials in trigeminal motoneurons(n
=11)Were examined to evaluate potential signaling substances ofthe premotor
neurons。
Llbeled boutons made synaptic contacts with eitherjaw―closing or‐opening
motoneuronso All the boutons contained PleomOrphic vesicles and inost formed a
single synllnetric synapse either on the somata or priinary dendriteso Morphometric
analyses indicated that bouton volume,bouton surface area,apposed surface area,
total active zone area,and initochondrial volume were not dil■ere t between boutons
onjaw‐closing and‐opening motoneurons.Vesicle number and density however,
were higher for boutons onjaw―closi g motoneurons。¶he ive morphological
parameters were positively correlated with bouton volumeo Vesicle density was the
exception,which tending to be negatively correlatedo lntravenous inhsion of
strychnine or bicucuHine suppressed Voor…induced inhibitory postsynaptic Potentials
(IPSPS)injaW―Closing motoneuronso Abolition of Vor…induced excitatory
postsynapticPotentials injaw―opening motoneurons with APV and CNQX unmasked
IPSPs.
The present results suggest that premotor neurons in the Vor are inhibitory,
and that positive correlations between the ultrastrllctural parameters associated with




ne introduction of the inethods of transganglionic horseradish peroxidase
(HRP)tranSpOrt has made it clear that the trigeminal sensory nuclear complex
(TSNC)can be di宙ded into two parts:an intra―oral region and a facial region
(AWidSSOn and Gobel,1981;Ma血■,1981;Westrum et al。,1981;Mattn and
Tumer,1984;Shigenaga et al。,1986a,b,c;Takemura et al。,1991,1993)Further,
intra―xonal tracing studies(Tsuru et al。,198%Shigenaga ct J。,1990b;Bac et al。,
1993,1994;Miyoshi et al。,1994;Nakagawa ct al。,199■Moritani et al。,1998)have
revealed that the morphology oftellllinal arborizations and synapses in the rrSNC
direr among functionany dil■erent fiber classes. These findings suggest thatthe
mannerin which sensory information,conveyed through priinary a」lerents,is
modulated in the individual nuclei depends upon function. For instan∝,there is
eviden∝that neuЮs in the rostrodorsomedial pa■of the oral nucleus(VOor;see
Towik,1956)or oraliS γ(see Eisenman et al。,1963)might play an impo■ant role in
the coordination ofjaw movements rather than in sensory discriminationo For
instance,anatonlical studies have revealed that few neurons in the Vol send their
axons to the thalamus(BurtOn and Craig,1979;Fukushima and Kerr,1979;
Shigenaga et al。,1983;Yasui et al.,1985)but many prttecttO the trigeminal motor
nucleus(VmO;MiZuno et al。,1983;Vomov and Sutin,1983;Llndgren et al.,1986;
Shigenaga ct al。,1988;Fort et al。,1990;Turman and Chandler,1994a,b;Li et al。,
1995,1996;Rampon et al。,1996;F y and Norgren,1997)。ElectЮphysiological
studies have shown the presence of premotor neurons in the VoI(WeStberg and
01sson,1991;01sson and Westberg,1991;Westberg et al。,1995),including the area
surrounding the Vmo(Grimwood et al.,1992;Kolta,1997),and alSO that many ofthe
premotor neurons are rhythmically act市e during fict市e masti ation(Donga and Lund,
1991;Inoue et al。,1994;Westberg et al。,1998)。In a previous study(Yoshida et al。,
1994),we haVe demonstrated that Vor neurons responding to stimulation of the intra―
oral or/and peri―oral strllctures,identified by intracellular itteCtiOn ofHRP,give or
axon collaterals tellllinating in either the dorsolateral subdi宙s on caw―C10Sing
motoneuron pool,Vmoodl)or the ventromedial subdi宙sion caW‐Opening motoneuron
pool,VmoⅣm)in the VmOo However,synaptic colmections made between the Voご
neurons and trigeminal inotoneurons have not yet been demonstratedo ln this study,
HRP was ittected into mnctionally defined Vor neurons,in which neurons prttecting
to either the Vmo.dl orthe Vmo、/1n were s lected iヒom he stained neurons,and the
ultrastrllctures of their tellllinals were examined at the electron―Illicroscopic level
qualitatively and quantitatively. The ailn of the quantitative inorphometric analysis
on the axon te.1..inals was to detell■line whe her or not there are ultrastrtlctural
direrences between synaptic boutons in the Vmo.dland Vmo:vmo An additional aiin
was to detelllline if the ultrastrllctural“size principal"proposed by Pierce and
Mendell(1993)for synapSes made between group la alttrents and motoneurons
(mOrph010gical features associated with synaptic release scale directly in propo■ion
to bouton size)is applicable to the premotor neurons.
We also performed neurophallllacological studies to evaluate potential signal
substances ofthe prelmotor neurons in the Vo■.It is generally accepted thatjaw―
closing inotoneurons receive both excitatory and inhibitory inputs with a predonlinant
inhibitory input whilejaw―opening motoneurons receive excitatory input
predonlinantly following stilnulation of the peripheral nerves inneⅣating int a―
oral or peri―oral strllctures(Goldberg and Nakarnura,1968;Kidokoro et al。,1968a,b;
Shigenaga ct al。,1988) Further,in a previous study using the postelmbedding
immunogold labeling methods(Bac et al。,1999),We have demonstrated that 98%of
axon tellllinals synapsing on dendrites of single inasseter rnotoneurons are
immunoreact市e for glutamate,glycine or/and γ―aminobutyric acid(GABノリ。Taken
together,it is suggested that premotor neurons use glutamate or glycine or/and
GABA as neurotransmitter(s)JttuS,We examined the erects of glycine antagonist
strychnine,GABAA antagonist bicuculline,N…methyl―D,L‐asparate(NMD→
antagoni飩2‐amino-5-phosphonovaleric acid cAPり,and nOn_NMDA antagonitt 6-
cyno-7…nitroquinoxaline-2,3-dione(CNQD on pOStSynaptic Potentials in trigeminal
motoneurons elicited by stiinulation of the Vor and the inferior alveolar nerve。
山 RIALS AND METHODS
Experiments were conducted on 33 adult cats(2.4‐4.8kD.Fifteen of these
anilnals were used for electron-lnicroscopic studies while the remaining 18 were used
for neuropha111lacological experiinentso Anesthesia was initiany induced in these
animals by ketaminc(35 mg/kg,i.m。)fol10Wed by sodium pentobarbital(40 mg/kg,
iⅣ。
)。
Supplementary doses of sodium pentobarbital(10mg/ml)were given
throughout each experiment as ne∝ssa y to maintain a deep level of anesthesia。¶h
depth of anesthesia was lnonitored i■equently by checking pupil size and pulse rate.
End‐tidal%C02,reCtal temperature and the electrocardiogram(ECG)were mOnitored
continuously during these experiinents and inaintained within physiological linlits.
All aniinal procedures were reviewed and approved by the(Dsaka University Faculty
of Dentistry lntramural Animal Care and Use Committec。
Eledron面croscoplc study
′」ヒer anesthetizing the anilnal,bipolar electrodes were placed into the
mandibular canal for stimulation of the inferior alveolar neⅣe and into the
iniaorbital canal fbr stimulation of the iniaorbital nerveo Animals were then placed
in a stereotaxic frame and a craniotomy was performedo Parts ofthe occipital cortex,
tentoriunl and cerebellulll were then removed to expose the brainstenl caudal to the
inferior coniculio To reduce pulsations of the brainstenl,a pneumothorax was
performed and a cisternal drain was inserted. The aniinals were then immobilized
with pancronium bromide(0.07 mg/kg,iⅣ。)and artificially ventilated.Intracellular
re∞rdings and horseradish pero対dase(HRP)ittediOn were achieved through a glass
micropipette with a beveled tip(0。7‐1。2 μm),■lled by capillary action with a solution
of 3%HRP(ToyObO,Japan)in o。3 M KCland O.05 M Tris buttratpH 7.6。
■le Юstrodorsomedial pa■ofthe oral nucleus(VO・うWaS 10Cated both on the
bags of stereotaxic co‐ordinates and monosynaptic ield Potentials(mean l江ency,1.2
mSeO eliCited by single pulse stimulation(0.2 msec duration at l Hz)applied to
either the inferior alveolar neⅣe or the iniaorbital nerve. Intracellular recordings
were obtained i■oln s ngle Vor neurons,with intracenular potentials being identified
by the appearance of excitatory postsynaptic POtentials(EPSPs)With Spike potentials
foHowing electrical stiinulation of either the inferior alveolar nerve or infraorbital
neⅣeo Each neuron was further characterized physiologicaHy by mapping the
location of its receptive field and by dete.11lining the neuron's response to rnechanical
stimulation(e.g。,tactile stroking of the facial skin,oral mucosa and teeth;pinching
and applying heavy pressure with serrated forceps;lightly pressing the inasseter and
temporal muscles;and stretchingthejaw muscles)。If the intr cell lar penetration
remained stable,HRP was ittected into the cell usingposit市e DC currents of 12…15
nA for l‐2 minutes. One neuron per aniinal was filled。
俎 er suⅣival periods of 6-20 hours,the aniinals were deeply anesthetized
and peJhsed through the ascending aorta with l.5 Ⅱters of saline,fonowed by 4 1iters
of ixat市e(1%parafollllaldehyde and 2.5%glutaraldehyde in O.l M phosphate
buttr,pH 7.4)。アLe 10Wer brainstem was then removed and serial sections(80 μm)
were cllt using a Vibratome.nese sections were then processed with the CoC12~
intensiied diaminobenzidine method described by Adams(1977)。Wet S ctions were
then examined with a light microscope,and several sections per animal containing
HRP-labeled te■11linals(boutOns)were treated with a 2%Os04 S°lu ion for 30
■linutes。 ノヽ■er dehydration in a graded series of alcohol,the sections were embedded
in an epoxy resin and PlaCed upon silicone―coated glass slid so Camera lucida
drawings were then inade ofthe labeled fibers bearing boutons seen in the
polymerized thick plastic sections(e.g。,Fig。lA,C)。Small pieces containing densely
labeled boutons were cut out of the thick plastic sections(eog。,Fig。lB,D)and
sectioned with a LKB ultramicrotomeo Contrast ofthe tissue was enhanced by
treating the sections with uranyl acetate foHowed by lead citrate. ne sections were
then placed on Formar―coated g ids and studied with an electron microscope(HitaChi
H-7500,Japan)。
ne inorphometric Parameters lneasured were:bouton volume,Initochondrial
volume,act市e zone areas,apposed surface areas(the pOrtion of the surface area
apposed to the postsynaptic elements),and the number,size and shape of vesicle
profiles. Bouton volume,bouton surface area and initochondHal volume were
calclllated iヒonl each series of cross―seCtiOnal areas and the average section thickness
(70 nm)。lhe extent of act市e zones and apposed surface areas were calctllated iom
measurements ofthe length ofthe active zone or portion ofthe surface area apposed
to postsynaptic elements in each section and the average section thickness。「rotal
vesicle number was calculated by counting the number of vesicles in each section,
whereas vesicle density was calclllated by dividing total vesicle number by total
vesicle area.Vesicle counts were attusted by using a variation ofAgduhr's(1941)
equation lcOunt corection factor〓¢′―の/2′,where t=section thickness,70 nm;d=
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vesicle diameter,59■m].TWenty eightlabeled boutons iom the Vmoodl were
seriaHy sectioned. From these boutons 220-1437 clear synaptic vesicles per bouton
were rando■1ly selected to calctllate vesicle diameter. In the VmoA′in,33 boutons
were serially sectioned and l18 to 651 clear vesicles per bouton were randonlly
selected for detellllination of vesicle diameter. In contrast to this,Ineasurements
were inade of an dense_cored vesicle profiles found in each boutono Vesicle
circlllarity was detell..ined by using the formula[fO・1・l factor=4 Pi
(area)κperimeter)2].All morphometric measurements were made by manually
tracing the stmcture's outline with a scanner(at 600 dots perinch),and analyzing the
di」tiZed Oudines with NIH image(Wayne Rashand,Nttional lnsltute of Hcalth,
Bethesda,MD)。Comparisons ofthe means ofthe measured parameters were made
by the Mann―Whitney U―test or Student's′―testo Correlation analysis was perforlrled
with Fisher'sr―to―z transfol..lation for significan∝and′―tests. lDirerences among
groups were derived ittonl comparisons of the correlation coefficients.
Photonlicrographs were processed and labeled by using Photoshop 4.OJ
ばLdObe syStems,Inc.San Jose,CAp.Final montages we"Output on a F可破
Pictorography 3000 digital photographic printer(Ftti PhOtO Film,Japan)。COntrast
was attusted as needed.
Neurophal■lacological study
ln these experilnents the neⅣe innervating the inasseter or the anterior beny
ofthe digastric inusde was exposed and placed on silver hook electrodes for
stimulation(single pulses with O.2 msec duration at l Hz).Intracellular recordings
?
?
were achieved by using inicropipettes fined with 2M K citrate. The Vor waslocated
on the basis of both stereotaxic co…ordinates and the inonosynaptic field potential
elicited by stimulating the inferior alveolar neⅣeo A con∝ntric electrode(outer
diameter,300 μm)Was then placed in Vor for stimulation(single pulses with O.2
msec duration at l Hz)。Suprama対mal stimuli were used for both neⅣe stimulation
and stimulation of the Votro Electrode placement within the Vol was verified a■er
the experiment by histological examination ofthe brainstem.Other surgical
pЮcedures used in these neurophallllacological studies are the same as those
described in the electron microscopic study sectiono Strychnine(0.2 mg/k9and
bicucl11line(l mg/kg;Sigma,St.Louis,MO)were infused intravenouslyo A solution
∞ntaining CNQX(300 μM;Research Biochemicals,Natick,Mパ)and APV(100
‖M;Research Biochemicals,Natick,M→waS pressure lnJected into the VmoⅣm v a
a glass micropipette(50-to 80-μm tip diameter)conneCted by a shortlength of
polyethylene tubing to a 10-μl Hanlilton inicrosyringe. 】)rllgs wer  dissolved in
saline with the exception of CNQX,which was dissolved in dimethyl sulfoxide。
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RESULTS
ItteCtiOns ofHRP were made into fitteen Vor neurons that responded to
stimulation of the intra‐oral oノand perioral strtlctures(periOdOntal ligament,gingiva,
lip or tonguc).Eight labeled neurons were found aier histochemical processing。
■ rec of these neurons had axon collaterals that tellllinated in the Vmoodl(eog。,Fig
lノリandtWOinthe VmoⅣm( og。,Fig。loo ln the remaining three neurons,the cell
body and part ofthe stenl axon were labeled but the labeling oftheir collaterals was
too weak to identify their tellllinal arbors with a light microscope。口he three neurons
with teminals in the Vmo.dl(VOr_vmoodi neuЮns)respOnded in a rapidly adapting
fashion when sustained inechanical stiinulation was applied to the gingiva close to
the second prernolar tooth ofboth the upper and lowerjaw (E3),the upper prelrlolar
teetlh(E2),and tO the upper canine tooth(El)。 ■  tWO neurons witlh tellllinals in the
VmoⅣm(Vor―VmOⅣm neurons)alSO responded in a rapidly adapting fashion to
sustained mechanical stimulation.One neuron(E8)respOnded to mechanical
stimulation ofthe lower premolar teeth while the other neuron(E9)respOnded to
pressure applied to the lower incisor teeth。
■ e Voor―VmoA′in neurons tended to be located ventral or inedialto Vor―
Vmo.di neurons(Fig。2Ap.Allthe neurons showed a long―la ting excitatory
postsynaptic Potential with repetitive action potentials fonowing Single pulse
electrical stimulation of the peripheral nerve(s)。]he latencies ofthese EPSPs ranged
iom O。9to l.3 msec(n=5;eog。,Fig。2B,C).Ofthe three Vo■…Vmo.di neurons,
neuron El had a polygonalsoma(Fig。2D)a d neurOn E2 and E3 had a pirifollll―
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shaped soma。(Dfthetwo Vo.r‐Vm 、アin neurons,neuron IE9 had a polygonal soma
while neuron E8 had a triangular soma(Fig。2E)。
Eledron microscoplc observatiolls
ne present observations were based on complete or near―complete
re∞nstrllction of 182 1abeled boutons.Eighty―five labeled boutons iom three Vo■―
Vmoodi neurons were used[El(n=34),E2(n〓31), 3 20 ].An additiona1 97
labeled boutonsllom two Vor―VmoA′in neurons were incorporated into the analysis
IE8(n〓52),E9(n=45)].All ofthe boutons examined were presynaptic either to
somata or dendrites;no boutons were postsynaptic to any other neuronal elements.
¶he postsynaptic element ofthe synapses was verified by our light―microscopic
studies to be inotoneurons。




ヴ e Since no differences
were found between the boutons of Vo■―Vmoodi neurons,these data were combined。
Labeled boutons typically showed a dome―like or void shaPc with a relatively
smooth surface(e・gっFigs。3…5)。A1l ofthe labeled bolltons examined∞ntained a
mixture of round,oval and fla■ened synaptic vesicles(e.g。,See Figs 3D―G,4 ,5B)
with a few large densc―cor d ve icles。
Ofthe 85 1abeled boutons examined from Vor」Vmoodi urons,24(28.2%)
and 60(70。6%)made Synaptic contact with somata(e.g。,Fig.3)and primary
dendrites(e・g。,Fig。5)including thejuxtasomatic regions(eog。,Fig。4),respectively,
but one(1.2%)with a nonpHmary dendrite.In the present study,dendrites that
contained Юugh endoplasmic reticulum and polysomes were defined as primary
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dendrites and dendrites without such organenes were classified as nonprilnary
dendriteso Note that synapses onjuxtasomatic regions were counted as axodendritic.
Ofthe 60 boutons each synapsing on a prilnary dendrite,cach ofthe two and three
boutons also lnade synaptic contact with a di]brent priinary dendrite and a
nonprimary dendrite(e・g。,Fig。5),r spect市elyo Namely,almost all boutons(84
boutons or 99%)formed synaptic contact either on somata or pHmary dendrites,and
that inost of thelll(79 boutons or 93%)conStituted a single synaptic contact but five
boutons(5。9%)fOrmed two synapses with dittrent dendriteso Another charaderistic
feature noticed in the synaptic arrangement was that en passant boutons llequently
en∞mpassed somtta or primary dendrites(e・g"Figs.3 and 4);apprOXimately half of
the synaptic boutons(51.8%)shoWed this type of synaptic arangement.
ne presynaptic density in labeled boutons was usuany obscured by the
electron‐dense HRP reaction product. Forty boutons were,however,stained weakly
enough to recognize the presynaptic density with an aggregation of vesicles. In an of








1abeled boutons were exanlined Jlom two Vo.r―Vmo:vm neuronso Since there were no
differences between the Vor―Vmo.di neurons,the data were combinedo Siinilar to
synaptic boutons llom Voor―Vmoodi neurons,the labeled boutons typically showed a
dome―like or an ovoid shape with a relatively smooth surface(eog"Figs.6-8),and all
the boutons contained a m破ture of round,oval and flattened synaptic vesicles(e.g。,
Figs.6-8)with a few large dense―cored v sicles(e・g。,in t in Fig。6ノリ。HoWever,the
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density of synaptic vesicles in Vor。―Vmo、「In boutons seemed to be lowerthan that of
Vor=Vmoodl boutons(see the morphometric analysis section)。
Ofthe 97 1abeled boutons examined;21(21.6%)contacted the soma(eog.Fig.
6ノリ,62 or 63。9%contacted pHmary dend五tes(e.go Fig。6B)and 14(14.4%)made
synaptic contact with nonprimary dendrites(e・g。,F g.6C,D).Ofthe 62 boutons
which synapsed with a priinary dendHte,one also lnade synaptic contact with a soma,
seven boutons contacted multiple primary dendrites(e.g.Fig。7Ap and seven boutons
contacted both a prilnary dendrite and a nonpriinary dendriteo Although HRP―
labeling in the boutons llom Vo.r―Vmo、アIn neurons was not denser than the labeling
in boutons1lom Vo.r―Vmoodi neurons,the presynaptic density in 32 ofthe 97 boutons
was obscured by the presence of HRP reaction product. The remaining 65 boutons
formed a symmetrical synaptic contact with the postsynaptic membrane(e.gっSee
Figs.6A,D,7A,C,8B,o。
When synaptic arrangements associated with labeled boutons were compared
between Vor‐Vm .dland Vor―VmoA′in neurons the fo■owing distinctions were
noticedo First,the l■equency of occurrence of synapses inade on somata and priinary
dendrites was slightly lower in the Voor=VmoⅣm than Vor」Vm .di neurons(85。5%
vs。99%)。lhe OCCurrence oftwo synapses made by one bouton however was more
■equentin the Vor‐VmoⅣm than Vo■=Vmoodi neurons(15。5%vs.5。9%)。SecOnd,
synaptic boutons arranged in an aggregated fashion were found inore frequently in
the Vor=Vmo.dlthan Vor=Vmoovm neurons(51.8%vs.25。8%)。Fi ally,we
occasionally obseⅣed two boutons connected by an interboutOn fiber that rnade
synapses with dittrent dendrites(e・g。,Figs。7B,C,8)。]hiS Pattem was seen more
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iequen■y in the Vor=VmoⅣm than Voor―Vm odi neurons(6 pairs vs。2 pais)。
In summary,the two kinds of Vor neuron,one synapsing onjaw―closing
motoneuЮns and the other onjaw―openi g motoneurons,shared many morphological
silnilarities,with exception of dil圧brences in synaptic arrangement。 lllis i dicates
thatthese two types of neuron fan within the same category of premotor neuron.
MorphometJc allalysis
Morphometric ineasurements of bouton strllctures were inade l■oIIrl e iany
sectioned boutons selected i〕om label boutons whose presynaptic densities were
visibleo henty―eigh  boutons iom Vo.r」Vm odi neurons were measured while 33
boutonsllom Vor―V oハrin were analyzed。「Fhe rneans of the ineasured






.BoutOn volume ranged iom O.57 to
2.38 μn13 with a inean±SE)of l.49±0。86 μm3inthe Vo.r―Vm odi neurons,and i■m
O。73 to 3.83 μm3(1.83±0。8 μm3)in the VO■=VmoⅣm neurons.
Bouton surface area ranged iom 2.93 to 9.54 μm2(5.59±1.73 μm2)in the
Vor=Vmoodi neurons,and iom 3。15 to ll.26μm2( .50±2.14 μm2)in the VOor_
VinoA″in neurons。
ne apposed surface area ranged from O。91 to 3.49 μm2(1.77±0。 9 μ 2)for
boutons iom the Vor」Vmoodi neurons,and iom O。66to 3.99 μm2(1.66±0。78 μm2)
for boutonsllom the Vo■―V oA′in neurons.
Fronl one to five distinct active zones of various sizes were located on the
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apposed surface of each bouton,butthe active zones were summed in the present
study。¶he total act市e zone area ranged from O。19 to l.21 μm2(0。60±0.34 μm2)in
boutons iom the Vor=Vmo.di neurons,and from O。26to O。85 μm2(0.49±0。17μm2)
in boutons from the Vo■―V oA′In neurons。




Jsrattraso Mitochondria were usually located in an aggregated
fashion within the cytoplasm ofboutons but usually not directly attacent tO act市e
zone siteso Mitochondrial volume within boutons ranged iom O。1l to O。63 μm3(0。33
±0。18 μm3)in bOutOns iom the Vor二Vmoodl neu ons,and iom O.09 to O.8 μm3
(0。39±0.16 μm3)in bOutOns from the Vor=VmoⅣm neuronso This direrence was
not statistically significant.
ne number of clear vesicles per bouton ranged widely,fron1 310 to 3990
vesicles(2110±980 vesicles)in boutons from the Vo.r」Vmoodi neurons,and from
530 to 2040 vesicles(1180±420 vesicles)in bOutons from the Vor=VmoⅣm neuЮns。
■is dittrence was statistically significant oく0・01).The Ves le density as a
hnction of total cytosolic volume within the bouton ranged fron1 560 to 3460
vesicles/μm3(2080±710 vesicles/‖m3)in the VOor」Vmo.di neurons,and iom 560to
1280 vesicles/μm3(880±190 vesicles/μm3)in the VOr」VmoⅣm neuronso Ъ is
ditterence was also statistically significant oく0.01)。
‐e size(diamete0 0fClear vesicles ranged from 36 to 100 nm(59±9nm,n
〓15235)in boutOns iom the Vor」Vmo di n ur ns(Fig。9ノリ,and iOm 34to l餌nm
(59±7nm,n=11744)in boutOns iom the Vor」VmoⅣm neurons(Fig。9C).This
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di“erence was not statistically significant.
All boutons exanlined contained dense―cored vesicles。「Fhe numb r of densc―
cored vesicles per bouton ranged iboln one to 27 vesicles with an average of ll per
bouton in the Voor―Vmoodi neurons,and i■m one to 17 vesicles with an average of
nine per bouton in the Vor‐Vmoハ′in neuronso The size distribution direred between
boutons iom the Vo.r‐Vmoodi neurons as opposed to the Vo.r―VmoA′in neurons. The
Vor。―Vmoodi vesicles showed a tril■odal―ike distribution with peaks at 70 nnl,100
nm and 125 nm(ranged iom 58to 142 nm;Fig。10Ap。]he vesicles within Vor。‐
VmoⅣm boutons showed unimodal distribution which ranged iom 56 to 139 nm
with a mean of 97±16 nm(Fig。10C)
■ e circularity of clear vesicles and dense―cored vesicles in boutons was
measured.ne form factor values(seC Materials and Methods)for clear vesicles
ranged widely,iom O.52to O。99(0 85±0。08,n=15235)in boutOns iom the Vor―
Vmoodi neuЮns(Fig。9B),and iOm o.48to O。97(0.82±0.09,n=11744)in boutOns
from the Vor二Vm Ⅳm neurons(Fig。9D).ThiS diference was statistically signincant
Oく0・01),indiCating that clear synaptic vesicles were more variably shaped in
boutons iom the Vo.r―VmoA′in neurons than l■om Vo.r―Vmoodi neurons。
ne form factor values for dense‐cored vesicle  ranged iloll1 0。67to O。97
(0.89±0.05,n=301)in bOutOns iom the Vo」二Vmo.di neurons(Fig。10B),and iOm
O。72to O。96(0。88±0.05,n=281)in bOutOns iom the Voor―VmoⅣm neurons(Fig。
10D)。]he means were not statistically di“erent between Vo.r―Vmo. land Vo.r‐
VmoⅣm boutons but were signiacantly oく0.01)higher than those of clear vesicles.
In summary,bouton volume and surface area,rnitochondrial volume,apposed
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surface area,and total active zone area were not di13erent between the boutons of
VoI=Vmo.dl and Vor=VmoⅣm neurons.Vesicle number and density however were
higherin boutons iom Vor」Vmo.di neu onsthan iom Vo.r」VmoⅣm neur ns.
ル″昴θ肺 露助 s.In the present study,sin∝bouton surface area,apposed
surface area,total active zone area and mitochondrial volume were not significantly
dil]erent between Vo.r‐Vmoodl and Vor―VmoA′ln boutons,these data were combined
(Fig。1lA―D)。lhe number and density of clear vesicles in boutons iom the Voor…
Vmoodland Vor=VmoⅣm neurons were plotted separately however(Fig。1lEF),
becallse the means ofthese two parameters were signiicantly(pく0・01)diferent
between the two neuron groups。
As shown in Figure llA―D,the four measured morphological parameters
were a■linealy correlated with bouton volume in a positive inanner,with relatively
high correlation coefficients for apposed surface area(r=0・52,pく0.0001),bOuton
surface area(r=0。90,pく0. 001)and initochondrial volume(r〓0。88,pく0.0001)。
■ e correlation coefficient value for total act市e zone a ea howeveris not high(r=
0。30,p=0.17)。
ne number of vesicles per bouton was also positively correlated with bouton
volume(Fig。1lE)with relat市ely high correlation coefficients(r=0。62,p=0.0004
for boutons from the Vo■‐Vmo.di neurons;r=0。85,pく0.0001 for boutons iom the
Voor―VmoⅣm neurons)。「he s10pe ofthe regression line was steeper for boutons
iom the Vor=Vmo.dithan Voor」VmoⅣm neur ns(610 vs.368)but thiS difttrence
was■ot statistically significanto ln contrast,the vesicle density/μm3 w S negatively
correlated with bouton volume(Fig。1lF)。1■e∞rrelat on coefficient for boutons
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量om the Vor=VmoⅣm neurons was high(r〓-0。66,pく0.0001)While the correlation
coefficient for boutons iom the Vor―Vmoodi neurons was low(r=-0。3,p=0。13)。
勁 e slope ofthe regression line was also steeper for boutons llom the Voor―Vmo.dl
neurons as opposed to boutons iom Vor=VmoⅣm neurons(2608 vs。1168)。「his
dil圧じrencc however was not significant。
Neurophamacologlcal study
nee“ects of inhibitory and excitatory alrlino acid antagonists on
postsynaptic Potentials generated injaw―closing and―opening inotoneurons by
stimulation of the inferior alveolar nerve(IAN)and the vOr were examined to
detelllline the potential signaling substances of premotor neurons in the Vo.r。(Fig.
12).釉e emects of the antagonists on the postsynaptic Potentials were evaluated from
the inotoneuron whose inembrane potential was at least 45 nlV atthe start of
recording and did not fall below 39 mV throughout the period of observation.
Of 15 masseter inotoneurons recorded in separate aniinals,cight recordings
were made during the inhsion of strychnine(glyCine receptor antagonist)while
seven recordings were made during the inision of bicuculline(GABAA reCeptor
antagoni前
)。
In fOur ofthe eight strychnine recordings and four ofthe seven
bicuculline masseter inotoneuron recordings,the ettcts ofthe antagonists on
inhibitory postsynaptic Potentials(IPSPS)by Stimulation ofthe IAN and the Vor
could be successillly evaluated。 ‐ eir physiological features were as follows.
Masseter inotoneurons were identified by recording antidronlic Potentials eHcited by
stimulation of the masseteric nerve(e.g。,Fig。12aj)。Stimulation ofthe IAN and the
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Vor induced sman dep01arized potentials in the inotoneurons. These potentials had a
constant latency of l.5-2.2 msec(n=8)fol10Wing stimulation ofthe IAN(e.g。,
Fig。12b,りand a latency of O.6-1.O msec(■=8)fol10Wing stimulation ofthe VoI
(e.g。,Fig。12c,i)。At a longer latency,an IPSP was present with a latency(COnduction
time from stimulus onsetto a peak ofthe depolaHzed potentials)of 2.6-3.lmsec(n
=8)ater Stimulation ofthe IAN(e.g。,Fig.12b,りand l・2-1 7 msec(n=8)
following stimulation ofthe Vo■(eog。,Fig。12c,i).Intravenous administration of
strychninc(0.2 mg/k9COmpletely suppressed these IPSPs(Fig。12d,c)and unma ked
excitatory postsynaptic Potentials(EPSPs;Fig。12 D eliCited iom stimulation ofthe
IAN andthe Vo■. These emects showed recovery approxilnately one hour aier
application of the dralg(Fig。12h,i)。Ltencies ofthe EPSPs unmasked with
strychnine fell within the same range as those of the small depolarized potentials seen
before ad■linistration ofthe drllgo Abolition ofthe IPSPs and appearance ofthe
EPSPs with strychnine were confil■ll d in three other inasseter rnotoneurons in
separate animals Φut note thattwo neurons generated spike potentials superimposed
upon the EPSPs)。Similar to strychnine,intravenous administration of bicuculline
(lmg/kgn also completely suppressed IPSPs evoked by stimulation ofthe IAN(Fig。
12m)andthe vOr cig。12■
)。
「me administration of bicucl11line however,did not
unmask other potentials triggered by the salne stilnulation。 ■he e」iects showed
recovery appro対m tely 30 minutes aier administration of the antagonist(Fig。12o,p)。
■■lis observation was confilllled in three other neurons in separate anilnals.
Six digastric inotoneurons in three anilnals were studied with the NME)A
antagonist APV and the non―NMDA antagonist CNQX.In this experiment,a6μl
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solution containingAPV(300 μM)and cNQX(100 μM)WaS itteCted into the
VmoⅣm.Immediately a■er the ittectiOn,digastric motoneurons were identified by
recording antidromic Potentials elicited by stimulating the digastric nerve(eog。,Fig。
12q)。■ e ettCts ofthe antagonists on EPSPs evoked by stimulation ofthe IAN and
the Vol were then exalnined。「Fhese experilnents were performed on three neurons in
separate animals(eog。,Fig。12r―u)。Stimulation ofthe IAN induced EPSPs in
digattric motoneurons with a∞nstant latency of l.7-2.4 msec(n〓3)while
stiinulation of Vor induced EPSPs in digastric inotoneurons with a latency of O.7-
1.2 msec(n=3)。lheSe EPSPs were completely suppressed by the administration of
APV and CNQX。¶hese obseⅣations were made in one neuron per animal。¶he
appearan∝of unmasked IPSPs was seen in one ofthese three neurons(e.g。,Fig.
12t,u)。ノ述er the examinaiOn had been made tom the initiaHy identified digastHc
motoneuron,the other digastric rnotoneuron was identified in each of the three
anilnalso Ofthe three neurons,neither EPSPs nor IPSPs were generated by
stilnulating the IAN and the Vor in two ofthe neurons while IPSPs were generated
by the same stiinulation in one neuron.
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DISCUSSION
勁 e inain findings in the present study were as fo■ows. First,Vol neur ns
responding to stilnulation of the intra―oral stmctures inade synaptic contacts either on
jaw―closing orjaw―opening inotoneurons. Second,all the synaptic boutons contained
a inixture of round,oval and iattened vesicles,and most ofthe boutons inade a
single symmet五c synapse either on a inotoneuron somata or priinary dendriteo None
ofthe boutons inade synapses with any other neuronal elements。「Fhird,the
quantitative ultrastrllctural analysis revealed that the mean values of bouton volume
and surface area,apposed surface area,total active zone area,and initochondrial
volume were not diJ謁erent between boutons iom Vo.r―Vm odl and Vor―Vm A′in
neurons.Vesicle number and density however were higher for boutons of Vor―
Vmo.di neurons than those of Vor―Vvnl neur nso A11 lnorphological parameters were
positively correlated with bouton volume,with exception of vesicle density,which
tended to be lower for larger boutons. Finaly,neurophallllacological experilnents
showed that stimulation ofthe Voor and the peripheral neⅣes elicited EPSPs and
IPSPs injaw―closing and―opening inotoneurons,and tlatthe IPsPs injaw―closing
motoneurons were completely suppressed by systemic administration of strychnine or
bicuculline.
■ e results ofthe present study suggestthat Vor premotor neurons synapsing
either onjaw―closing orjaw―opening inotoneurons are inhibitory intemeurons
containing glycine or/and GABA in their boutons. ■e data presented here also
indicate that the ultrastrtlctural“size principle"for la…mot neuron(Pier∝and
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Mendell,1993)and vibrissa aJttrent―sen orineuron(Nakagawa et al。,1997)synapSes
is appHcable to intemeurons.
Prenlotor neurons ln the Voor
■le initial eviden∝for a prtteCtiOn ofVol neurons into the Vmo came iom
morphological studies using HRP tracing methods(MizllnO et al。,1983;Travers and
Norgren,1983;Lindgren et al。,1986;Fon et al。,1990).In addition,
electrophysiological studies have shown that Vor neurons responding to stimulation
of the intra―oral and/or peri‐oral strllctures can be antidronlicany activated by
stimulation ofthe Vmo.dl(Donga and Lund,1991;Westberg et al。,1995)or VmOⅣm
(01SSOn and Westberg,1991)。In a pre宙ous study we have pro宙ded additional
evidence for this prtteCtiOn by intracellular labeling Vo.r neurons and detellllining
their somadendritic morphologies and axonal trttectOries(Yoshida et al。,1994)。
Neurons labeled in this study were activated by natural stiinulation of the intra‐oral
and/or peri―oral structures and were divided into two groups. One group tellllinated
mainly in the Vmo.dl while the other tellllinated in the Vmo、/ino IBoth groups of
neurons also gave or conaterals that tellllinated in the Voor,principal nucleus,
inte■rigeminal reglon,and reticular formation atta∝nt to the trigeminal spmal
nucleus. In this study we also reported thatthe ceH bodies of Vol neurons were
arranged in a topographic fashion with the somata of Vor―Vmo.d  neurons located
more dorsally or laterally than those of Vor‐VmoⅣm neurons。¶h se physiological
and morpho10giCal results are similar to those presented in this study.Detailed
obseⅣations ofaxonaltrttectOries in regions other than Vmo however were not
performed。
In a previous study we labeled 13 jaw musde spindle albrents by intra―
axonalitteCtiOn ofHRP and found thattwo ofthese a“ere ts gave or axon
collaterals which telulinated in the Vor(Shigenaga et al。,1990a).In a COmparab e
study,Luo et al。(1995)also fOund a prtteCtiOn ofjaw muscle spindle a“erents to the
Vo.ro Nucleus oralis neurons examined in the present study however were not
activated by light mechanical stimulation or stretching ofthejaw―closing muscles。
■ e premotor neurons reported here therefore are dilttbrent flo■l group la inhib tory
intemeurons in the spinal cord(E∝le  et al.,1962)and iOm grOup II spinal
intemeurons located in the intellllediate zone or lamina VIⅡ(BarS et al.,1990;
Cavalla五et al。,1987;Jankowska and Noga,1990;Bttwa et al。,1992)。
Ultrastmctture of axon teminals ofVoor neurons
Gι″ααJ′効効r"′1■e mttority Ofaxon tellllinals ofVo.r neurons formed
synapses either on the somata or primary dendrites ofjaw―closing andjaw―opening
motoneuronso None ofthe boutons examined in this study were postsynaptic to other
axons lnaking it unlikely that the output of this group of premotor neuron is inodified
presynapticallyo Although ultrastructural obseⅣations on the axon tellllinals of
physiologically identified single premotor neurons in the Vmo are limited to this
study,it is a general finding that the synaptic arrangements of spinal intemeurons are
organized in a siinpler fashion;ioe。,their te11.linals tend to fornl axosomatic or
axodendritic synapses which are not postsynaptic to other axons(Light and
Kavoo対ian,1988;Rahelyi et al。,1989;M xwell et al。,1997).nis represents a
m■Or di“erence between the axon tellllinals of intemeurons,including the premotor
neurons presented here,and priinary a“erent axons which ilequently receive
axoaxonic contacts in the spinal cord(eogっS e Conradi et al。,1983;Maxwell and
Bannatyne,1983;Semba et al。,1983,1984,1985;Fy“e and■ght,1984;Maxwell and
R6thelyi,1987;Nicol and Walinsley,1991;Pierce and Mendell,1993;Walinsley et
al。,1995)and in the brainstem(eog。,See Sugi ot  et al。,1991;Bac et al。,1993,1994,
1996,1997,2000;Iliakis et al.,1996;Irish et al。,1996;Nakagawa et al。,1997;
Kishimoto et al。,1998;Luo and Dessem,1999)。One recent study however has
reported that a sman number of dorsal hottn group II spinal intemeuron boutons lnake
synaptic contads with other axon terrninals(MaXWell et al。,1997)。
It is of a great interest that the m■o ity Of boutons from the Vol neurons
presented here made a single synapse either on a trigeininal inotoneuron soma or
primary dendriteo nis distribution represents a mttOr di“ere ce iom mu cle spindle
a“erent te....inals which are widely distributed i■onl somata o dendrites,including
the distal dendrites,of trigeminal(Bac et al。,1996;Yabuta et al。,1996;Kishimoto et
al。,1998;Luo and Dessem,1999;Yoshida et al。,1 9)and Spinal motoneurons
(Burke et al。,1979;Brown and Fyffe,1981;Redman and Walmsley,1983;Burke and
Glenn,1996)。
Another important finding was that an axon tel11linals of Voor neurons
exanlined in the present study contained PleomOrphic vesicleso Most boutons,in
which the presynaptic density was visible,folllled symmetrical synapticjunctions
whose characteristics corresponded closely to the classical inorphological description
of inhibitory boutons(UChiZono,1965)。Recent electron―mic scopic
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inll■unohistochenlical studies of neurons in the spinal cord inotor nucleus or on
spinal motoneurons(e.g。,Sec Holstege and Calkoen,1990;Holstege,1991;Holstege
and Bongers,1991;Destombes et al。,1992;C)rnung et al.,1994,1996,1998;Taal and
Holstege,1994)have ShOWll a correlation between the excitatory neurotransmitter
glutamate and S te■11linals(Synaptic boutons containing spherical vesicles)。 ‐ eSe
studies have also showll a correlation between the inhibitory neurotranslnitters
GABA and/or glycine and F or P terlninals(synaptic boutons containing nattened
vesicles or a m破ture of spherical,ovoid and flattened vesicles)・In a pre宙ous study
in which Postembedding inllnunogold labeling was combined with intracellular HIRP
labeling(BaC et al。,1999),we fOund thatthis∞rrelation was ttpliCable to synapses
made between axon tell■linals and the dendrites of rnasseter inotoneurons and that
97%ofthese axon tel■1linals were immunoreactive to atleast one anlino acid of
glutamate,glycine and GABA. In addition,we found that 609ι ofthe synaptic
boutons on priinary dendrites were inllnunoreactive to glycine or/and GABA andthat
36。77参ofthe boutons were inll■uno active to both glycine and GABA. These
findings,in cottunction with the present neuropha■11lacological expe iments in which
strychnine or bicuculline completely suppressed peripherany or vor…indu∝d IPSPs,
suggests thatthe Vor neurons exanlined in the present study contain glycine or/and
GABA in their boutons,ilTespective of the fact that strychnine and bicuculline are not
specific antagonists. Colocalizations of glycine and GABA have l■equently been
found in boutons synapsing on spinal motoneurons(Omung etal.,1994,1996,1998;
Taal and Holsege,1994)and on trigeminal motoneurons(Yang et al。,1997).In
addition,the colocalization of glycine and GABAA reCeptors at GABAergic synaptic
contacts has been demonstrated in the spinal cord(Bohlhaeter et al。,1994)。One
difference in the erects ofthe two antagonists on masseter inotoneurons was thatthe
abo五tion of Vo.r―induced IPSPs with strychnine unmasked EPSPs but a comparable
e“ect was not obseⅣed with bicucunine。 lllis dil■erence can be explained by our
previous data(Bae et al。,1999)wlliCh indicates that on the dendritic trees of masseter
motoneurons the number of purely glycinergic boutons is threc―times higher than
purely GABAergic boutons(152 vs.50)。Recent immunohistochemical studies in the
rat(Turman and Chandler,1994b;Li et al。,1996;Rampon et al。,1996)have
demonstrated that some ofthe neurons in the region surrounding the Vmo(regiOn h)
and parvocellular reticular formation are retЮgradely labeled ai r ittectiOn Oftracer
into the Vmo and that some ofthese premotor neurons are immunoreactive to glycine
or GABA. It has also been reported in the rat that neurons immunoreactive to glycine
are present in the dorsomedial part ofthe oral nucleus(Turman and Chandler,1994b)
and the parvocellular reticular nucleus alpha(Rampon et al.,1996),regiOns
corresponding to the Vor in the cat and which prttecttO the vmo.It remains to be
demonstrated,however,thatthe glycinergic neurons in the Vo.r are immunoreactive
to GABA.
ne existence of excitatory premotor neurons in the Vo.r is supported by the
present study in which the abolition of Vor―induced IPSPs with strychnine unmasked
EPSPs in inasseter inotoneurons。 ■ s has als  been shown in prior studies
(Kidokoro et al。,1968a;Takata and Fttita,1982),indiCating that the Vor contains
both excitatory and inhibitory premotor neurons. On the other hand,it is generally
accepted that stimulation ofpheripheral nerves elicits predominantly EPSPs injaw―
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opening motoneurons(KidokoЮ et al。,1968a,b;Takata and Fttita,1982;Shigenaga
ct al。,1988)。「LiS finding is not contrary to the present suggestion that Vor neurons
with their tellllinals synapsing onjaw―opening otoneurons are inhibitory,because
pe五pherally induced―IPSPs occurin 20%ofthese motoneurons(Shigenaga ct al。,
1988)。Abolition of EPSPs evoked by stimulation ofthe Vol with the NMDA
antagonist APV and the non―NMDA antagonist CNQX also unmasked IPSPsin some
jaw―opening motoneurons.One possible explanation is that intracellular penetrations
were inade more i■equently in large Vor neurons and thatthese are inhibitory while
small Vo■neurons are excitatory. ‐ e use of electrical stimulation to understand this
circuitry raises the problem that Vo.r‐induced EPSPs unmasked with strychnine could
be elicited by the activation of inultiple pathwayso Neurons in the Vor have axon
tel■linations in the inain sensory nucleus,interpolar nucleus and reticular fbrmation
atta∝nt tO the trigeminal sensory nuclei(Nasution and Shigenaga,1987;Yoshida et
al。,1994)where trigeminal premotor neurons are located(MizllnO et al。,1983;
Llndgren et al.,1986;Li et al。,1996;Yoshida ct al。,1998)。]he latencies of Vo.r―
induced EPSPs unmasked with strychine or bicucunine ranged fron1 0。6to l.0 1nse 。
¶hese latencies are shorter than the Vor―induced IPSPs(range,1.2…1.7mseo
obseⅣd before the inision of drugs and fell within the same range as the small
depolarized potentials preceding the IPSPs,indicating that the early component of the
EPSPs was elicited inonosynapticallyo Long duration EPSPs however may be
indicative of the activation of inultisynaptic PathWays,siinilar to those induced by
peripheral nerve stilnulationo rrhese features are also applicable to Vo.r―ind c d
IPSPs injaw―closing inotoneurons and to Voor‐induced PostSynaptic Potentials in
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jaw―opening inotoneurons。
It is noteworthy that a prior electrophysiological study using an in v市o slice
preparation(Kolta,1997)has shOWn thatthe area close to the Voor orthe area caudal
to Vmo contains inhibitory and excitatory intemeurons acting directly on trigeminal
motoneurons.Also Grimwood et al.(1992)have uSed spike―triggered averaging to
demonstrate thatthe area immediately caudalto the Vmo contains inhibitory and
excitatory intemeurons inneⅣatingjaw―closi g motoneurons。
Vesicle number,vesicle density and the synaptic arrangement dilfered
between Voor=Vmoodl and Vor=VmoⅣm neurons.ne means of vesicle number and
density were l.8‐and 2.4-times higher for boutons from the Vor―Vm odlthan for
Vo■‐VmoA′in neuronso Synaptic boutons also tended to be distributed in an
aggregated fashion more iequently onjaw―closingthanjaw‐openi g motoneurons.
¶hese di“erences suggest that Vol neurons synapsing onjaw―closing motoneurons
are able to exert a rnore powe」Lll synaptic lficacy for the generation of IPSPs than
those onjaw―opening motoneurons.
Ъe present study provides evidence thatjaw―closing and―opening
motoneurons receive inhibitory input directly lLom Voor neurons responding to
stiinulation of the intra―oral structures,and that inhibitory input is inore pronlinent to
jaw‐closing motoneuronso While inhibitory input to both types of motoneuron is
iinportant fbr inastication,trigenlinal lnotoneurons are inostly devoid of axon
collaterals(Shigenaga et al。,1988)。Recllrrent inhibition therefore does not
contribute to the∞n rol ofjaw movement.To compensate for this,inhibitory Vo■




αJys,si rnle quantitat市e nalysis presented here pro宙des
support■ot only for the qualitative obsewation that Vo■n urons synapsing n either
jaw…closing motoneurons orjaw―ope ing motoneurons fan within the same category,
but also that ultrastrtlctural features influencing transllllitter release scale directly in
proportion to bouton size.Yeow and Peterson(1991)initially described these size
correlations for synapses between unidentified axon tel■■li als and cewic l
motoneuron somata in the turtleo These investigators reported significant positive
correlations between active zone profiles or the number of vesicles and the size of
both of their bouton types(S type and P or F type boutons)。 Later,Pierce and
Mendell(1993)analyZed the ultrastrtlctural features of physiologically identiied
grouP Ia a“erent boutons contacting spinal lnotoneurons in the cat and found that
morphological features associated with synaptic release scale directly in proportion to
bouton sizeo Comparisons ofthe present data with those of group la boutons are
necessary and important because synaptic boutons analyzed in the two laboratories
belong to di13erent bouton types:S type with asynllnetric specilizations vs.F orP
type with sy■1lnetric ones. Comparisons were inade by pooling the data of Vo■―
Vnlo.dland Vor―Vmoハ可n neurons。(Dne dil■erence between the two types of neuron
is that bouton size is 4.1-times larger for la a“ёrentth n Vol neuron boutons(range
O.45…22.4 μm3,Inean 6.5±5。4 μm3in la boutons,Pierce and Mendell,1993;range
O.57-3.83‖m3,mean l.6±0。7‖m3in VOI neurons).The smaller mean of Vo.r
neuron boutons is associated with smaller inean values of lnitochondrial volume
(ratiO,0。24),appOSed surface area(0.24),total active zone area(0。8)and veSiCl
numbers(0。24)。Note thatthe act市e zone area of Vor boutons does not di£偽r iom
that of la agierent boutons. The smaner size of vor neuron boutons inay be related to
dil圧brences in the distribution of synapses on motoneuronso Muscle spindle a]brent
tellllinals inake contacts with the somata and proxiinal and distal dendrites of
trigerrlinal and spinal inotoneurons,with synapses on the somata being less llequent
(Burke et al。,1979;Brown and Fy能,1981;Redman and Walmsley,1983;Pierce and
Mendell,1993;Bac et al。,1996;Burke and Glenn,1996;Yabuta et al.,1996;
Kishimoto et al。,1998;Luo and Dessem,1999;Yoshida et al。,199 )。In COntrast,
alinost an ofthe boutons from Vor neurons lnade synaptic contact either on the
somata or priinary dendrites of trigenlinal inotoneurons。(Dn the other hand,synapses
made by identified priinary arerents on second―order sensory neurons are only
occasionally found on the somata and primary dendrites(MaXWell et al。,1982,1984;
R6thelyi et al。,1982;Semba ct al.,1983,1984,1985;Ralston et al。,1984;Renchan et
al。,1988;Bac et al。,1994,2000;Nakagawa et al。,1997)。Nakag wa et al。(1997)
have reported that vibrissa arerent tell■l nals in the main sensory nucleus are of S
type with asynllnetric specializations,and that inorphological parameters influencing
synaptic release are positively correlated with bouton volumeo We also compared
data presented here with those of vibrissa a]brent boutons and found that vibrissa
a“erent boutons were 2.5 times iargerthan Voor neuron boutons(see Table l)。
Measured bouton parameters were also smaHer for Vor boutons except fbr apposed
surface area and active zone area。
Comparisons of bouton volume between the three kinds of neuron suggest
thatthe site of synapses on a neuron is an important factor for detelllling bouton size.
At least for neurons receiving pHmary attrent input(mOtOneurons and second‐order
sensory neurons),bOutons contacting somata or primary dend五tes are smaller in s ze
than those synapsing on more distal dendrites,irrespective of whether they are
excitatory(S type)and inhibitory(F or P type)synaptic boutons。■his no ion is also
supported by prior physiological studies in which la a」bren  EPSPs generated on
motoneuron distal dendrites were not significantly smaner than those generated on
more pro対mal dend」tes(Menden and Weiner,1976;Jack et al。,1981;Harrison et al,
1989)。Additional evidence is provided by a prior anatomical study(Nakagawa et al。,
1997)which indicated thatthe larger boutons iom vibrissa a“erents make synaptic
contacts with smaner dendrites. At present,however,a quantitative ultrastnlctural
analysis has not been conducted on the spatial distlほbuti of synapses nade between
an identified neuron with pleomorphic vesicles and a postsynaptic neuron,although
recurrent inhibitory synapses inade by identified Renshaw cels have been reported to
be distributed inainly on proxiinal dendrites of identified single spinal inotoneurons
(Fytte,1991)。
Interestingly,despite the factthat bouton volume and vesicle number are
significantly lower in Vor boutons than vibrissa a]brent boutons,total active zone
area is not signincantly di“erent(See Table l)。]hiS implies that vesicle numbers
close to the presynaptic active zone are lower in F or P type than S type boutons,
suggesting that receptors inediating postsynaptic inhibition can be activated with a
smaller amount of transIIlitter released than those lnediating postsynaptic excitation。
Vesicle number and density however were higher for boutons from Vor.―Vmoodlthan
Vor=VmoⅣm neurons(see Table l),suggesting the possibility that inhibitory
intemeurons conlnunicating the same qualitative ultrastrLIctural feature inay exert
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dilttbrent synaptic elFicacy when their postsynaptic target neurons are different。
It is noteworthy thatthe size of vesicles within Vor boutons(59±9nm,n=
26979)ヽhrgerthan those winn axon temmJs presynap●cto vb五ssa attrents(43
' ±7nm,Nakagawa ct al。,1997)。「LiS SiZe dittrence,in cottuctiOn with the present
phallllacological data and a recent study(Bac et al。,2000)indiCating that rnost axon
tellllinals presynaptic to prilnary a“eren s in the t五gelllin l sensory nuclei are
ilnmunoreactive to GABA,suggests that GABA and glycine inay be colocalized
within individual Voro bouton vesicles。 11五s suggest on is supported by biochenlical
studies reporting that the transporters for GABA and glycine,which are located
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TABLE lo Summary of MOrphometric Data on Boutons From Neuronsin Dorsomedial Part of Oral Nucleus(Vo.r)Tellllinating
Either in the Dorsolateral(Vmoodl)Or the ventromedial(Vmo.Vm)D市ision ofTngeminal MOtor Nucleus(Vmo),and










































l The data on vibrissa boutons are cited from a previous study(Nakagawa et al.,1997)。
2 values are rnean tt S.D.Data obtained on seriaHy reconstructed 29 and 33 boutons fЮ
In Vo.r_Vmo.dl and Voor―V｀mo.vnl neurons,
respectively.
3 1ndiCates stadcally signiflcant between boutons from Vo.r―Vmoodland Vo.r―Vmo.vm neurons(ヽ4ann―Whitney U―test,pく0.01).
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Fig。9。 QuantiflCations of clear vesicles in iabeled boutons from Vo.r―Vmo.dl(A,B)and
Vo.r―Vmo.vm(C,D)neuЮnS.Th  left two histograms(A,C)indiCate the
distribution of vesicle diameters.The五ght two histograms(B,D)repreSent the
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Fなff。 Correlations bctwecn labclcd boulon volumc and thc othcr ultrastructural
synaptic Paramctcrs. Bouton surface area cり,appOSed surfacc arca(B),
lotal active zonc area(0,mitOChOndrial volumc(D)and numbcr of clcar
vcsiclcs(E)arc pOSit市cly correlatcd with bouton volumc,but vcsiclc dcnsity
(D tCnded to bc ncgat市cly correlatedo Since the mcan valucs of vcsicle
numbcr and dcnsity arc dilfcrcnt bctwccn boutons from the Vo.r‐VIno.dl and
Voor―Vmoovnl ncurons,the data arc scparatcly plottcd。 (〕lo d and opcncd
circles rcprcsent data obtaincd frorn Vo.r‐Vmoodl and Vo.r―Vm .vm neurons,
rcspcctivelyo  Notc thatthe slope of a pair of rcgrcssion lines in E and F
tcnds to bc diffcrcnt betwccn Vo.r―Vmoodl and 」VmoⅣm ncurons butthc
difFcrcnccs are not statistically signirlcant。























Fな12Effccts of strychninc and bicucullinc on inhibitory postsynaptic Potcntials
(IPSPS)in maSSCtcr motoncurons and of 2-amino‐5‐ph sphovalcratc(APヽの
and 6‐cyno-7-nitroquinoxalinc-2,3-dionc(CNQD on eXCitatory postsynaptic
POtentials(EPSPs)in digastHc motoncuron following stimulation of thc
infcHor a市colar ncrvc(IAN)and thC VOor.a―i:Effccts of administration of
glycinc antagonist strychninc on IPSPs in a massctcr rnotoncuron clicited by
stimulation of IAN o)and thC VOor(c)。a Antidromic Potentials clicitcd by
stiinulation of the masseter ncⅣe.  d, c: Abolition of IPSPs cvoked by
stimulation of thc IAN and the Voor with strychninc(0。2 mg/kg)。tg:
Abolition ofthc IPSPs unmasks EPSPs.h,i:Rccovery ofthe cffects.j―p:
E]iccts of administration of GABAA antagonist bicucullinc on IPSPs in a
masseter motoncuron fo1lowing stimulation of thc IAN(k)and the voor(1)。
j:Antidromic potentials elicited by stimulation of the massetcr ncrvco m,n:
Abolition of IPSPs clicitcd by stimulation of the IAN and thc Vo.r with
bicucullinc(l mg/kg).0,p:Recovery of the cffccts.q―口:Ettects of
NMDA antagonist APV and non―NMDA antagonist CNQX on EPSPs in a
digastric inotoneuron.  q:Antidrornic Potcntials elicited by stirnulation of thc
anterior《五gastric nerve.  r,s:EPSPs elicited by stimulation of thc IAN and
thc Vooro  t,u:Abolition ofthc EPSPs evoked by stimulation ofthc IAN and
thc Voor with application ofAPV and CNQX to the vmoⅣm unmasks IPSPs.
Horizontal bar=2 mscc in a,j,1,n,p and q,4 msccin c,c,g,i,r and s,10
mscc in b,d,th,k,m,0,tand u.Vcrtical bar=20 mV in a,j,q,r and s,4



































面部の二つの部分に区分できることを可能ならしめた (Arvidsson and Gobd,
1981;Manrち1981;Wcsium et al。,1981;Marfu■nd Turncr,1984;Shigenaga ct al。,
1986a,b,q Takclnura a al。,1991,1993).さらに,HRP軸索内注入法を用いた光学
及び電子顕微鏡学的研究は,一次求心線維の終末形態及びシナプス配列が一次
求心線維の種類または機能の違いにより異なることを明らかにした(Tsuru d al。,




たは Oralis γ (Eisellman d al。,1963)のニューロンは,感覚の識別よりはむしろ
4
顎運動の調節に重要な役割をはたすという証拠がある。すなわち,Vo.rニュー
ロンのごく少数の軸索は視床に投射するが(Burton and Craig,197■Fukushma and
Kcπ,197■Shigenaga ct」。,1983;Yasui ct」。,1985),それらの大部分は三叉神経
運動核 (VmO)に投射していることが明らかにされてる (Mzuno d」。,198■
Vomov and Sutin,1983;Landgren et al。,1986;Shigcnaga Ct al。,1988;Fort et al., 1990;
Tu111lan and Chandlcr,1994a9b;Li ct al。,1995,1996;Ralnpon ct al。,1996;F y and
Norgren,1997)。電気生理学には,VOor(wcsbcrg and Olsson,1991;Olsson and
Wcsめcrg,1991;Westbcrg d al。,1995)あるいはVmOに囲まれた部位に分布する前
運動ニューロン (Grimwood d」。,1992;KolL 1997)の多くは,咀疇 リズムの形
成 に 関 与 す る こ とが 示 さ れ た (Donga and Lund,1991;Inouc ct al。, 99t WCSbCrg d
」。,1998).更に,日腔内または口腔周囲の刺激に応答するVoorニユーロンヘ
のHRP細胞内注入法を用いた研究は,Voorニューロンの側副枝がVmOの吻背















いる (Goldberg and Nakalnurち196&Kidokoro d」。,1968ちb;Shigenaga d」。,




GABAであ るこ とが示唆される.しか るに本研究では ,glycine antagonist
strychninc,G俎へ antagOnist bicucdlinc,N―mcthyl―D,L―asparmc(NMDA)antagoni飩










































で,LKBウル トラミクロ トー ムにて超薄切片を作成した。超薄切片は
Forlllluvar―cottcd grids上に置き透過型電子顕微鏡 (日立製 H‐7500)にて観察し
た。形態計測の測定項目は,軸索瘤の面積,ミトコンドリアの面積,active Dne
8










形状因子は fom factor=4π(arc→/(pCHmetcr)で算出し検討 した。
以上述べた形態学的計測は,スキャナーで画像を取 り込み (600 dot/inch)マ
ニュアルで外周を トレースし NIH image(Wayne Reshcnd,Nttiond lnsumtcs of









mg/kg;SigmちSt.Louiso MO)または bicucuШnc(l mg/kg;SigmちSt Louiso MO)
は静脈内投与を行い,CNQX(300μM;Rescrch Biochemicals Natick,MA)とAPV
(100μM Reserch Bbchcmic」s Nati k,MA)は,Vmo内へ先端直径 50～801tmの


































































































































シ ナ プ ス 小 胞 の 大 き さ の 分 布 は ,Vo.卜VmOodlニユ ー ロ ン と Voor…VmO.vmニユ ー
















































































への antagod飩の効果を検討 した。IAN電気刺激によるEPSPsの潜時は 1.7～2.4






























研究により証明された (Mizllno et」。,1983;Travcrs and Norgren,1983;Lndgrcn ct
al。,198Q Fon d al。,1990)。一方,電気生理学的には,Vmood(Donga and Lund,



















するH群介在ニューロンと区別される (Bなs ct」。,199Q CaVa■ari ct」。,198z








合は少ないとされている(Light and Kavoo珂ian,198&κthclメd al。,198%MaxwCll
22
d al。,1997)。本研究で示された前運動ニユーロンや脊髄介在ニューロンに軸索
一軸索間接合が認められないことは (Sugimob d」。,1991;Bac ct J。,1993,1994,
1996,1997,2∝Ю;Ilialcis et al。,1996;I五sh ct al.,1996;Nakagawa et al。,1997;Kishimoto
d」。,199&Luo and Desscrn,1999),多くの軸索一軸索間接合を成す一次求心線
維 (Conradi ct」。,1983;Maxwcll and Bannatync,1983;Scrnba a」。,1983,1984,1985;
Fyffc and Light 1984;mxwcll and R6thelyi, 1987;Nicol and Wabnslcy, 1991;Picrce
and Mcndcll,199■Walmslcy d al。,1995)とは異なる。しかしながら,最近の研究
では,H群脊髄介在ニュー ロンの細胞のうちにはその軸索終末が軸索一軸索間





しているのとは対称的である (Burkc ct J。,197■BЮwn and Fyffc,1981;Redman
and Wallnslcy, 1983;Burkc and Glenn, 1996, Bac ct al。, 1996;Yabuta ct al。, 1996;









Calkoen,1990;Holstcgs 1991;Holstcgc and Bongcrs,1991;Dcstombes ct al。,1992;
Onung et」。,1994,1996,199&Taal and Holstgc,1994)。最近の RP細胞内注入


















性の トレーサーによって標識 された小細胞性網様体や VmOを取 り囲む部位
(rcgion h)に分布するニューロンがglycincあるいはGABA陽性であることを示
されている (Tuman and chandlcr,1994b;Li ct」。,199Q Rarnpon ct」。,1996).ま
た,ラットにおいてglydne陽性ニューロンが分布する吻側核背内側部 (Tuman







究によって明らかにされている(Kidokoro et J。,1968■Takata and Fuiれa,1982)。こ
の見解は,末梢神経電気刺激によって,閉口筋運動ニューロンの 20%にIPSPs
が誘発されること (ShigCnaga d al。,1988)から,開口筋運動ニユーロンとシナプ
ス接合 している Voorニユーロンが抑制性前運動ニユー ロンであるという見解
(Kidokoro d」。,1968ちb;Taktta and Fttit 1982;Shigcnaga ct」。,1988)とも一致










る (Nasution and Shgenaga,198z Yoshda d al。,19 4)。しかし,Voor電気刺激及
びbicucullnc投与で出現したEPSPsの潜時は 0。6～1.Omsccであつた。この潜時

















































(Burkc ct」。,197■Brown and Fy娩,1981;Rcdman and W」mslcy,1983;Picrce and
Mcndcll,1993;Bac ct al。,1996;Burkc and Glcnn,1996;Yabuta ct al。,1996;Kishiinoto ct
al。,199驚Luo and Dcsscm,199%Yoshida a al。,1999).本研究で示されたVo.rニユ
ーロンでは,ほとんどすべての軸索瘤が三叉神経運動核の細胞体あるいは幹樹
状突起とシナプスを成していた。一方,二次感覚ニユーロンと一次求心線維と
のシナプスは,細胞体と幹樹状突起にはほとんど見られない (Maxwdl a d。,
1982,1984;R6ぬelyi ct al。,1982;Scmba ct al。,1983,1984,1985;Ralston et al。,1984;
28














and Weincr,197Q Jack d al。,1981;Harrison ct al。,1989)。また,この事実は形態学








ものがvibrissaよりもわずかに大きい (act市c zonc O。62±0.05 vs O.57±0。46,シ









もの (43±7nm,Nakagawa d al。,1997)よりも大きいことである。この違いは,本
研究における薬理学的研究結果と最近の三叉神経感覚核に終止する一次求心線
維とシナプスする軸索終末がGABA陽性であるということ (Bac d al.,2000)か
ら,GABAとglycincがvoorニューロン軸索瘤内に共存する可能性を示唆してい
る。この見解は,シナプス小胞体膜にあるGABAと」ycinCの輸送体の構造が類
似もしくは同一であるという生化学的研究結果 (ChHstensen and Fonnum,1991;
Burgcr d al。,1991)から支持される。
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